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Specification 

1. Tide of Che Invention. 
Thermal Head 

2, What is claimed is: 

1. A thermal head characterized by providing an abrasion 
resistant layer on a heat generating layer on a substrate, the 
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abrasion resistant consisting of carbon or concainiag carbon as a 
main com ponent. 

2. A thermal head characterized by providing a beat 
generating layer on a substrate, the heat generating layer 
containing, as a main component, carbon or silicon having a 
amorphous structure or semi-amorphous structure including 
crystallite. 

3. A thermal head according to claim 2^ characterized by 
providing the heat generating layer containing carbon or silicon as 
the main component injected 0.01 to 3 % tervalent or pentavalent 
impurity . 

4. A thermal head according to claim 1 or 2, characterized 
by injecting the O.OI to 20 mol% hydrogen or halogen elements. 

3. Detailed Description of the Invention 

The present invention relates to a thermal head for 
thermosensitive recording and the object of the present invention is 
to provide an abrasion resistant layer consisting carbon or a 
material containing carbon as a main component, the carbon or the 
material having the highest heat conductivity in a solid and having 
the strongest abrasion resistance. 

The object of the present invention is to provide a heat 
generating layer by silicon or a material containing carbon as a 
main component, such as amorphous (to be referred to as AS 
hereinafter) or semi*amorphous (to be referred to as SAS 
hereinafter) including crystallite which size is 95 to 200 A, formed 
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at a low temperature of 100 to 450*C, preferably 200 to 350"C by 
tneans of the plasma vapor phase method. 

According to the p.resenc invention, electromagnetic energy of 
direct current, high frequency (500 KMz lo 50 MHz) or the 
frequency of micro wave (such as 2.45 GHz) is applied onto the 
abrasion resistant layer or the heat generating layer by means of 
the plasma vapor phase method, that is, under a reduced pressure 
of O.Ol to 10 torr to thereby generate glow or arc discharge to 
produce plasma. Activating and decomposing reactive gas, for 
example., hydrocarbon gas such as ethylene and propane, which is 
vaporized by the above-mentioned electromagnetic energy, a coat 
made of a material containing AS or SAS insulating carbon or made 
of a material containing, as a main component, carbon including 30 
mol% or less hydrogen and silicon is formed. 

According to the present invention, the carbon formed by 
means of the plasma vapor phase method as mentioned above is an 
insulator having an energy band width of 2.3 eV or more, typically 
3 eV and having a heat conductivity of 2.5 or higher, typically 5.0 
(W/cm deg) which is quite high and close to that of diamond, i.e., 
6.60 (W/cm deg). 

Furthermore, the present invention takes notice of 
considerably excellent characteristics, that is, a hardness of Vickers 
hardness 4500 Kg/mm^ or higher, typically 6500 Kg/mm2 which is 
similar to that of diamond and such characteristics is applied to a 
thermal head, thereby to provide a thermal head with excellent 
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abrasion resistance and excellent high speed thermoseasici ve 
response. 

Moreover, according to the present invention, if boron or 
phosphorous as tervalenc or pentavalent impurity at a 
concentration of O.l to 3 mol% is injected into AS or SAS carbon 
formed below 430'C, the carbon can have an electric conductivity of 
10-2 to 10*^ (Qcm)*i. In that case, therefore, the thermal head is 
used for a heat generating device and for that excellent mechanical 
characteristic, there is another feature that an abrasive resistant 
layer is not necessarily formed. 

Additionally, according to the present invention, the abrasive 
resistant layer is adapted for the plasma vapor phase method in a 
reduced pressure state. Due to this, it is possible to protect the 
sides of the heat generating layer as well as the thickness of upper 
surface. If an abrasive resistant layer is formed by the 
conventional method such as the sputtering or atmospheric vapor 
phase method, the upper surface of the abrasive resistant layer 
needs to have a thickness of 2^or more to cover the side surface (of 
a thickness of 0.2^ or more). According to the present invention, it 
is enough fur the thicknesses of both the upper surface and the side 
surface to be 0.1 to 0.3 as a result, the thickness is decreased to 
about l/Il), thereby making it possible to further improve 
thcrmoscnsi tive response speed. ^ . 

According to the present invention, as reactive gas, 
hydrocarbon such as ethylene (C2H4) and hydrocarbon of methane 
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series (C„H;„,2) and, if silicon is partly contained, tetramethy Isi Ian 
((CH;)H4Si) and cctracchy tsilan ((C2H5)4Si) may be used. In the 
former case, although the hydrocarbon contains low level of 30 
mol% or less hydrogen, in particular, SAS contains 0.01 to 5 mol% 
hydrogen, it forms strong covalcnt bonds and had similar physical 
property to chat of diamond. The latter case wherein hydrogen is 
0,01 to 20 mol% and the amount of silicon is 1/3 to 1/4 of carbon, is 
so-called carbon-excessive silicon carbide which is an insulating 
material containing carbon as a main component. (having an optical 
energy band width Eg >2.3 eV, typically 3.0 eV). 

The embodiments according to the present invention will be 
described with reference to the drawings. 

FIGS. 1 are sectional diagram of a thermal printer employed 
in the present invention. FIG, 1(B) is a sectional diagram taken 
along line A-A' of FIG. 1(A). FIG. 1(C) is a sectional diagram taken 
along line B-B', 

In FIG.s, a stack of a glazed glass layer (2), a heat generating 
layer (4), an electrode (4) and an abrasion resistant layer (5) is 
provided on a substrate, particularly ceramic substrate. Also, as 
shown in FIG. 1(C), an abrasion resistant layer (5) is provided in 
contact with the heat generating layer (3) at a portion which a heat 
sensitive paper sheet is rubbed. 

The present invention is characterized in that this abrasion 
resistant layer (5) consists of carbon or contains carbon as a main 
component, that the material is formed by the plasma vapor phase 
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method and tbac, therefore, the side of che heac geaeracing layer 
can be made almost the same ia thickness as the upper surface of 
the heac generating layer as shown in FIGS. 1(B) and 1(C), 

Due Co reduced pressure (0.01 to 10 torr), reactive gas has a 
longer average free path and a large amount of the reactive gas 
goes to the periphery of the sides even if che vapor phase method is 
carried out. In addition to turning into a plasma, large kinetic 
energy is applied to each reactive gas to collide and the reactive gas 
is encouraged to fly in all directions. 

As for the abrasion resistant layer, the following 
manufacturing process was adopted. That is, a substrate having a 
to-bc-formed surface was tight sealed within a reactive vessel and 
the vessel was evacuated to 10*3 torr and at the same time the 
substrate was heated at 100 to 450*C, preferably 200 to 350*C, for 
example, 300'C with a heating furnace. Thereafter, hydrogen 
helium was introduced into this atmosphere to make the pressure 
of the vessel 10-2 to 10 torr and then electromagnetic energy was 
applied by means of the induction method or the capacity coupling 
method. For example, the electromagnetic energy had a frequency 
of 13.56 MHz, power 50 to 500 W and the actual electrode space 
was as long as 15 to 150 cm. This is because the reactive gas, that 
is, carbon when turning into a plasmatic state is quite stable 
material and each atom or each carbon associated molecule is given 
by the stable reactive gas, whereby carbon atoms or molecules form 
covalent bonds. As for the coat thus formed, AS was observed in 
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the electron beam diffraction at an output power of 50 to 150 W, 
SAS at an v)utput power of 250 to 500 W and AS-SAS mixed 
structure at intermediate power. 

Furthermore, carbide gas such as methyleac and propaae was 
introduced into the plasmatic atmosphere. As a result, the reactive 
gas was dehydrogeaated and carbon bonds form covalenc bonds, 
thereby making it possible to form a carbon coat on the formed 
surface. 

When the temperature of the substrate was 100 to 200*C, the 
hardness of the coat was slightly low and adhesion to the substrate 
was not always desired one. On the other hand, more than 200"C, 
particularly, 250* to 350'C, the carbon coat had quite stable and 
strong adhesion to the formed surface. 

When the temperature was 450*C or higher, there was a 
problem that stress existed due to the difference in coefficient of 
thermal expansion between the substrate and the carbon coat. It 
was discovered therefore that the coat formed at a temperature of 
250 to 450*C serves as an ideal abrasion resistant material. 

Using TMS ((CHj)^Si) or TES ((C2H6)4Si) as starting substance, a 
coat containing carbon as a main component with 15 to 30 atomic % 
silicon was formed. This had the similar hardness as the coat 
consisting ol only carbon. The thermal conductivity of coat 
consisting only carbon was 5 W/cm deg whereas that of the coat was 
2 to 3 W/cm deg. 
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The carbon coat formed as seated above had enough abrasion 
resistance to the use for 10^ hours or more although the chiclcaess 
was 0.05 to 0.2 ^, that is, 1/3 to I/IO of the thickness of the 
conventional coat. 
Embodiment 2 

This embodiment refers to a case where a heat generating 
layer of a thermal printer having the same hardness as in the case 
of Embodiment 1 was formed using the plasma vapor phase method 
as in the case of Embodiment I. 

The manufacturing process in this embodiment was carried 
out by the plasma vapor phase method under the same conditions 
of those in Embodiment 1. However, due to the fact that it was 
necessary to form a conductive (resistive) or semi-conductive coatt 
tervalent or pentavalent impurity such as boron and phosphorous 
was not at all injected to the formed coat^ impurity gas / silicide gas 
0.01 % or less was injected to AS or SAS silicide coat or the above- 
stated imparity with an impurity gas / carbide gas ratio of 0.01 to 3 
% was injected to the coat, thereby forming a resistive or semi* 
conductive coat containing, as a main component, carbon. 

In other words, as for the former case of the silicide coat^ it 
was formed while using silane (SinH2a-^^f n * 1) or silicon 
tetrafluoride as starting substance at a temperature of 100 to 450*C 
as in the case of Embodiment 1, or, for example, 200 to 350*C. 
Using high frequency energy at 13.56 MHz, AS or SAS was formed 
at power of 10 to 50 W or 50 to 200 W, respectively. BjH^ boron 
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used as tervalcnc impurity and PH3 phosphorous used as 
pcntavalcnc impurity with the small amount of ratio were doped or 
ao-doped as meationed above . Although the coat thus formed 
contains below 20 mol% hydrogen, heat was emitted to thereby 
discharge the hydrogen outside. 

As for carbon, methylene was used as in the case of 
Embodiment 1. Here, the coat was formed with ratios of B2H6 / QH^ 
= 0.01 to 3 %and PH3/C2H2 = 0.01 to 3 %. As a result, conductivity 
of 10-7 to 10-* (Qcm)-i was attained. 

As is obvious from the above description, since the basic 
concept of the present invention is use of the plasma vapor phase 
method, the coat formation can be realized at a low substrate 
temperature compared with the temperature of the conventional 
coat formation method, that ts» a temperature of 100 to 450*C, 
typically 250 to 400*C, particularly 300*C. In particular, the 
temperature of 500*C or less means that if glass was used as a 
substrate material, it was possible to considerably decrease warping 
due to the thermal expansion of the glass and to thus prevent quite 
serious disadvantages such as warp of the substrate which may be 
caused by the conventional high temperature process. Due to this, 
while only six (6) heat generating members of the thermal printer 
per millimeter were manufactured in the conventional case, 24 
could be manufactured according to the present invention, thus 
increasing the number of heat generating members manufactured. 
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As is evident from the above description, the present 
invention is characterized in that insulating light transmission 
carbon having an energy band width of 2.0 eV or more, typically 
2.5 to 3 eV is used as the material for an abrasion resistant material 
and that a resistive or semi-conductive member consisting of 
carbon or containing carbon as a main component was used as a 
heat generating layer. Due to this, according to the present 
invention, it is possible to form one or both of them by the plasma 
vapor phase method at a temperature of 500*C or less which is 300 
to SOO*C lower than the temperature adopted in the conventional 
vapor phase method and to characteristically provide a high degree 
of freedom for the selection of substrate material and a low cost 
thermal head. 

The present invention has been described while centering 
around the plasma vapor phase method. However, as long as 
abrasion resistance as mentioned above can be obtained, other 
methods, such as ion plating, using electromagnetic energy and 
optical energy of plasma, laser and the like. 

The structure shown in FIG. 1 is an example in the 
embodiments according to the present invention wherein a heat 
generating layer of monocrystal may be a transistor structure or 
other structures such as silicon mesa structure and planar structure.. 
4. Brief Description of the Drawing 

FIG. 1 is a longitudinal sectional diagram of a thermal printer 
according to the present invention. 
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